We consider the lightest Higgs boson in naturally R-parity conserving supersymmetric left-right models. We obtain an upper bound on the tree level mass of this lightest Higgs boson. This upper bound depends on the SU(2) L and SU(2) R gauge couplings, and the vacuum expectation values of bidoublet Higgs fields, which are needed to break SU(2) L × U(1) Y . The upper bound does not depend on either the SU(2) R breaking scale or the supersymmetry breaking scale. We evaluate the bound numerically by assuming that the theory remains perturbative upto some scale Λ.
Considerable importance attaches to the study of the Higgs bosons of the minimal supersymmetric standard model (MSSM), based on the Standard Model gauge group SU(2) L × U(1) Y , with two Higgs doublet superfields [1] . It is well known that, because of underlying gauge invariance and supersymmetry (SUSY), the lightest Higgs boson of MSSM has a tree level upper bound of m Z (the mass of Z boson) on its mass [2] . Although radiative corrections [3] to the tree level result can be appreciable, these depend only logarithmically on the SUSY breaking scale, and are, The existence of the upper bound on the lightest Higgs boson mass in MSSM with arbitrary Higgs sectors has been investigated in a situation where the underlying supersymmetric model respects the discrete matter parity, or R-parity (R P ) symmetry [12, 13] , under which all Standard Model particles are even and their superpartners are odd, so that all renormalizable baryon (B) and lepton (L) number violating terms in the superpotential are forbidden. However, the assumption of R-parity conservation appears to be ad hoc, since it is not required for the internal consistency of the minimal supersymmetric standard model. Furthermore, all global symmetries, discrete or continuous, could be violated by the Planck scale physics effects [14] . The problem becomes accute for low energy supersymmetric models [15] , because B and L are no longer automatic symmetries of the Lagrangian as they are in the Standard Model.
It would, therefore, be more appealing to have a supersymmetric theory where R-parity is related to a gauge symmetry, and its conservation is automatic because of the invariance of the underlying theory under an extended gauge symmetry. Indeed R P conservation follows automatically in certain theories with gauged (B − L), as is suggested by the fact that matter parity is simply a Z 2 subgroup of (B − L). It has been noted by several authors [16, 17] that if the gauge symmetry of MSSM These turn out to be of the same order of magnitude as the corresponding radiative corrections in models based on SU(2) L × U(1) Y . Although the R-parity is conserved at the level of Lagrangian, it is necessarily spontaneously broken in this class of models [20] . We will see that the upper bound does not depend on the VEV of the right-handed sneutrino responsible for the spontaneous R-parity violation. We further note that there are two bidoublet Higgs superfields Φ and χ in order to break the SU(2) L × U(1) Y and to generate a nontrivial Kobayashi-Maskawa matrix.
The most general gauge invariant superpotential involving these superfields can be written as
The general form of the Higgs potential is given by
which can be calculated in a straightforward manner. In the following we shall represent the scalar components of the Higgs superfields by the same symbols as the superfields themselves and add a tilde on the scalar components of lepton and quark superfields. The most general form of the vacuum expectation values of various scalar fields, which preserves U(1) em can be written as
We note that the triplet vacuum expectation values v ∆ R and v δ R represent the scale of SU(2) R breaking and are, therefore, assumed to be large, in the range
These represent a new scale of physics, the right-handed scale which we shall generically denote as v R . Since the mixing between the charged gauge bosons is tiny, and to avoid the flavor changing neutral currents, κ ′ 1 and κ ′ 2 are taken to be much smaller than κ 1 and κ 2 , and we shall ignore them in the following. Furthermore, since the electroweak ρ-parameter is close to unity, ρ = 1.002±0.0013±0.0018 [24] , the triplet vacuum expectation values ∆ L and δ L must be small, and we shall ignore them as well. Since the spontaneous breakdown of R-parity is inevitable [20] , we shall assume that at least one of the VEVs ν or ν c is non-zero. The VEV ν ≡ σ L is at most of the order of the weak scale, since it contributes to lighter weak gauge boson masses. It is important to note that in Q em preserving ground state ν c ≡ σ R is necessarily at least of the order of the typical SUSY breaking scale M SU SY or the right-handed breaking scale (
whichever is lower [25] .
We now proceed to the main point of this paper by constructing the mass matrix for the neutral scalars. To this end we write down explicitly the different components of the scalar potential (2) (g L , g R , g B−L are the gauge couplings)
and
From (2), (4), (5) and (6) it is straightforward to derive the mass matrix for the CPeven neutral scalars, whose eigenvalues will provide the masses of the physical scalar Higgs particles. We shall not write the full 10 × 10 mass matrix [26] here, since for the specific purpose of the determination of a general bound on the lightest Higgs mass, the problem is much simpler. A known property of any Hermitian matrix is that its minimum eigenvalue must be smaller than that of its upper left corner 2 ×2 submatrix. Using this fact, and calling m ij the matrix elements of the CP-even neutral Higgs mass squared matrix, we can write the following rigorous bound on the squared mass (m 
We shall choose a basis for the Higgs mass matrix such that the first two indices correspond to (Φ (from now on we will assume that only one R-parity violating vacuum expectation value, namely σ R = 0):
From eqs. (7)- (8), we immediately obtain the upper bound on the lightest Higgs boson mass in the left-right supersymmetric model:
where tan β = κ 2 /κ 1 . We note that the upper bound (9) is independent both of the supersymmetry breaking parameters (as in the case of supersymmetric models based on SU(2) L × U(1) Y ) and of the SU(2) R breaking scale, which, a priori can be very large. It is also independent of the R-parity breaking vacuum expectation value σ R . The upper bound is controlled by the weak scale and the dimensionless gauge couplings (g L and g R ).
2 Since the right-handed gauge coupling g R is not known, the upper bound on the right-hand side of (9) comes from the requirement that the left-right supersymmetric model remains perturbative below some scale Λ. In order to implement this requirement we need to solve the renormalization group equations (RGE's) for the gauge couplings of the theory. We do not require that the gauge couplings unify at some scale.
In the left-right supersymmetric theory defined by the superpotential (1), the
2 Even if we do not neglect κ Requiring that g R remains perturbative upto a scale Λ (g
where the equality holds for Q 2 = Λ 2 ), we obtain the upper bound on the lightest Higgs mass as shown in Fig. 1 
We have checked that for the values used, also g B−L remains perturbative upto the scale Λ. The coupling g R has a lower limit from sin
, which is also fulfilled in Fig.1 . Due to the lower limit on g R , the smallest upper bound is given by m h < ∼ 92 GeV ×| cos 2β|. Since the bound (9) increases with increasing g R , it becomes less restrictive for smaller values of Λ or larger values of M R . If the difference between Λ and M R is larger than two orders of magnitude, the tree-level upper bound remains below ∼ 205 GeV. When Λ = M R and hence g 2 R (Λ 2 ) = 4π, the bound is at its largest, namely m h < ∼ 446 GeV.
We now proceed to the calculation of dominant one-loop radiative corrections to the upper bound (9) on the lightest Higgs boson mass in SUSYLR model. We shall use the method of one-loop effective potential [28] for the calculation of radiative corrections, where the effective potential may be expressed as the sum of tree-level potential plus a correction coming from the sum of one-loop diagrams with external lines having zero momenta,
where V tree is the tree level potential (2) evaluated at the appropriate running scale Q, and ∆V 1 is the one-loop correction given by
In (12), m i is the mass of the ith particle with spin J i in the appropriate background.
The dominant contribution to (12) arises from the top-stop (t −t) and bottomsbottom (b −b) systems. For the degenerate stop case the one-loop correction is
given by
with an analogous expression for the sbottom case. In (13)m 2 is the SUSY breaking mass for the squarks, Q is the renormalization scale, and h t is the top Yukawa coupling (h t = (h χQ ) 33 , see (1)). In the case with a large left-right squark mixing the formula (13) should be extended appropriately [26] . In numerical calculations, we shall use the full formula which includes the left-right mixing in stop and sbottom mass matrices.
Using (13), one can derive the radiatively corrected upper bound on the mass of the lightest CP-even Higgs boson in the left-right supersymmetric model:
where
, and ∆ ij (i, j = 1, 2), which signify radiative corrections, are complicated functions of the parameters of the model [26] , and are similar in structure to the corresponding quantities in the models based on SU(2) L × U(1) Y gauge group [29] . For the degenerate stop and sbottom case, they reduce to 
